The MotB protein ofEsbehrichia coli is an essential component of the force generators that couple proton movement across the cytoplasmic membrane to rotation of the flageliar motors. The membrane topology of MotB was examined to explore the possibility that it might form a proton channel. MotB-alkaline phosphatase fusion proteins were constructed to identify likely periplasmic domains of the MotB molecule. Fusions distal to a putative membrane-spanning segment near the amino terminus of MotB exhibited alkaline phosphatase activity, indicating that an extensive carboxyl-terminal portion of MotB may be located on the periplasmic side of the membrane. Protease treatment of MotB in spheroplasts confirmed this view. The simple transmembrane organization of MotB is difficult to reconcile with a role as a proton conductor.
M O OTILE CELLS OF Escherichia coli
and many other bacteria swim by rotating flagellar filaments (1) . The rotational motion is generated by a motor composed of several dozen different proteins embedded in the cytoplasmic membrane, cell wall, and outer membrane (2, 3) . Output from the motor is transmitted through a flexible hook to the flagellar filaments, which serve as semirigid propellers. Flagellar motors are powered by proton motive force (4) and can rotate in either direction (5) . Two cytoplasmic membrane proteins, MotA and MotB, play key roles in this process. Mutants defective in either function possess morphologically normal basal bodies but cannot rotate their flagella (3, 6, 7) . The Mot proteins are generally considered to be the primary energy-coupling devices responsible for converting proton potential into mechanical work. They might, for example, form proton channels in the cytoplasmic membrane that interact with components of the flagellar basal structure and switching apparatus to power the rotational machinery. Determination of the transmembrane organization of MotA and MotB molecules may provide useful clues to understanding their functions. Here, we report genetic and biochemical studies that show that MotB has a simple topology; it crosses the cytoplasmic membrane only once, with the bulk of the molecule located in the periplasmic space. This finding raises the possibility that, rather than acting as a proton conductor, MotB might serve as a structural support that anchors the rotational machinery to the cell wall.
To investigate the membrane topology of MotB, we used the TnphoA transposon (8) to construct motB-phoA gene fusions in which the catalytic domain of alkaline phosphatase (PhoA) was joined to various lengths of the NH2-terminus of MotB.
Since alkaline phosphatase must be exported to the periplasm to acquire enzymatic activity, fusion of PhoA to domains ofMotB that are normally located on the periplasmic side of the membrane should result in a Pho+ phenotype, whereas fusion to cytoplasmic regions of MotB should produce a Phophenotype (9). We examined 22 indepen- Fig. 1 (8, 9, 11) . Since native PhoA functions as a dimer (12), these findings imply that MotB-PhoA molecules are capable of forming dimeric or higher order complexes. The MotB protein is 308 amino acids in length and contains four moderately hydrophobic segments, which might conceivably influence MotB topology by interacting with the membrane (13) (Fig. 1) . None of these segments resembles a cleavable signal sequence, and comparison of in vivo and in vitro translation products has indicated that MotB molecules do not undergo extensive proteolytic processing (14) . The first hydrophobic region (segment A, residues 28 to 49) resembles typical membrane-spanning sequences in overall hydrophobicity, length, and possible a-helical structure. It is flanked on the COOH-terminal side by segment B (residues 55 to 72), a less hydrophobic region. Stader et al. (13) have suggested that hydrophobic segments A and B both traverse the membrane, leading to the topology shown in Fig. 2 (I) , in which most of the shown in Fig. 2 , we examined the protease sensitivity of native MotB molecules in spheroplasts. Since proteases cannot enter spheroplasts, only those portions of MotB on the periplasmic side of the membrane should be susceptible to cleavage. Model I predicts that much of the MotB molecule should be protected from degradation, whereas model II predicts that much of it should be accessible to exogenous proteases. Two different enzymes were used in these experiments with similar results: protease Fig. 3 .
Spheroplasts treated with trypsin yielded two MotB fragments in the 30-to 33-kD size range, presumably derived from one or more cleavages in the periplasmic domain (Fig. 3, left lane) . Fractionation of the treated samples by centrifugation demonstrated that both fragments were present in the soluble fraction (Fig. 3, middle lane) but not in the cell pellet (Fig. 3, right lane) , indicating that they had originated from the periplasmic side of the membrane. These results confirm the existence of a large periplasmic domain in MotB and show, moreover, that hydrophobic segments C and D, located in the middle of that domain, do not anchor the MotB molecule to the membrane. Thus, we propose that hydrophobic segment A initiates membrane insertion and directs the COOH-terminus of the molecule into the periplasmic compartment, as shown in model II (Fig. 2) .
The probable structural relation between MotB and the flagellar motor is summarized in Fig. 4 . Flagellar basal bodies are encircled by "studs," seen in freeze-fracture preparations (15, 16) proton conductance channel, a function more likely served by MotA, which has at least four potential membrane-spanning segments (18) . What then is the role of MotB in flagellar rotation?
Block and Berg (7) have shown that MotB molecules are essential components of the "force-generating units" of the flagellar motors, each of which produces a quantum increase in motor speed (torque). The force generators may correspond to the studs seen in structural studies. Berg (5) has pointed out that the "stator" components of the motor are most likely linked to the cell wall, providing a solid support from which they can push on the "rotor" components. We suggest that the periplasmic COOH-terminal domain of MotB may serve to anchor the force-generators to the cell wall, either through direct interaction with the cell wall or indirectly through interaction with other motor structures, which in turn are attached to the cell wall. In either case, these interactions are probably noncovalent, since forcegenerating units appear to be reversibly incorporated into the motor complex (7) . According to this model, changes in motor speed would correspond to variations in the number of anchor points. More detailed structure-function studies of MotB should enable us to test these ideas and discern the functional role of this protein in bacterial motility. Manoil (4) (5) (6) (7) (8) .
However, the function of SS14 in the hippocampus is less clear. In some studies, SS14 or SS28 elicited inhibitions and hyperpolarizations of CAl pyramidal neurons with a reduction of input resistance (7, (9) (10) (11) , interpreted as an increase in K+ conductance. Excitatory effects of SS14 have also been reported (12) . These disparate results may derive from methodological differences or from the recently described interaction of ACh and SS: when applied alone, SS elicited only inhibitory effects but enhanced the excitatory effects of ACh on cortical and hippocampal neurons (13) . Thus, excitatory SS14 effects (12) could result from the presence of exogenous or endogenous ACh.
We have pursued the mechanisms of this interaction (14) of SS and ACh by using intracellular recording techniques in the rat hippocampal slice, prepared as described (9, 15, 16 trace), from a depolarized holding potential (VH = -40 mV), produce a small inward instantaneous current followed by a slow relaxation to a greater inward steady-state level. The difference between the instantaneous and steady-state currents constitutes the M-current (8) . 
